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[57] ABSTRACT 

Uplink time slots (108) may be allocated within a commu- 
nication system (100) when a communication unit (102) 
transmits a first packet (501) to a time slot allocator (101). 
Upon receiving the first packet (501), the time slot allocator 
(101) determines whether the first packet (501) contains a 
request for allocation of N uplink time slots. When the first 
packet (501) contains the request for allocation of N uplink 
time slots, the time slot allocator (101) allocates the N uplink 
time slots to the communication unit (102) when the N 
uplink time slots are available, wherein the N uplink time 
slots are allocated contiguous in time. The time slot allocator 
(101) then transmits an allocation indication to the commu- 
nication unit in each of N downlink time slots (110) corre- 
sponding to the N allocated uplink time slots (108) to inform 
the communicauon unit (102) of the allocation. 

13 Claims, 4 Drawing Sheets 
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Ser. No. 08/137,541, entitled "A Time Slot Allocation 
Method", filed Oct 18, 1993, now U.S. Pat. No. 5,515,379, 
and assigned to the assignee of the instant application. 
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FIELD OF THE INVENTION 

The present invention relates generally to radio commu- 
nication systems and, in particular, to a method for allocat- 
ing time slots in a time division multiple access communi- 15 
cation system. 

BACKGROUND OF THE INVENTION 

20 

Radio communication systems are known to include a 
plurality of communication units that transceive information 
over communication resources via a plurality of base sta- 
tions, or repeaters. Generally, radio communication systems 
also include a central controller, or communication resource ^ 
allocator, that allocates the communication resources to the 
communication units. The communication units may be 
mobile radios, portable radios, or radiotelephones; whereas, 
the communication resources may be frequency carriers, 
pairs of frequency carriers, time slots, pairs of time slots, or 30 
combinations of time slots and frequency carriers, depend- 
ing on the multiplexing scheme incorporated in the com- 
munication system. In a time division multiple access 
(TDMA) communication system, the communication 
resources comprise time slots or time slot pairs. When the 35 
communication resources comprise time slot pairs, each 
time slot pair includes an uplink (communication unit to 
base station) time slot and a downlink (base station to 
communication unit) time slot. 

Utilization of time slots by communication units in a 40 
TDMA communication system is commonly accomplished 
using two known protocols, those being: slotted ALOHA 
and reservation ALOHA. With a slotted ALOHA protocol, 
each transmitting communication unit attempts to send its 
information in a randomly chosen uplink time slot to a base 45 
station, or repeater. When the selected uplink time slot is 
unoccupied, a communication unit's information is sent to 
the base station. However, when the random uplink time slot 
is currently occupied, a "collision" of information occurs 
and the transmitted information does not reach the base 50 
station. Accordingly, the information must be re-transmitted 
if the base station is to receive the information. 

Due to the randomness of the slotted ALOHA protocol, 
slotted ALOHA is a very inefficient method for transmitting 
data packets. For single data packets (i.e., packets resident in 55 
one uplink time slot), the theoretical maximum throughput 
efficiency using slotted ALOHA is approximately thirty- 
seven percent Thus, approximately one in every three 
transmission attempts is successful during maximum chan- 
nel loading. The other sixty-three percent of the transmis- 60 
sions require re-transmission attempts. For data messages 
requiring multiple data packets (i.e., messages resident in 
multiple uplink time slots), each individual packet in the 
data message is transmitted using the slotted ALOHA pro- 
tocol. Since each packet is subject to a possible "collision", 65 
throughput efficiency for large data messages is significantly 
worse than for a single packet transmission. 



2 

In contrast to slotted ALOHA, reservation ALOHA pro- 
vides a more efficient procedure for transmitting long data 
messages by allocating uplink time slots to communication 
units on an exclusive use basis. In reservation ALOHA, the 
multitude of uplink time slots are divided into a plurality of 
uplink time frames. Thus, each uplink time frame includes 
a predetermined number of uplink time slots (e.g., five time 
slots per time frame). A communication unit transmits a 
small data packet to the communication resource allocator 
(also called a time slot allocator) in one uplink time slot of 
a particular uplink time frame via the slotted ALOHA 
protocol. The small data packet includes a request for the 
number of uplink time slots required to transmit the long 
data message. Upon receipt of the request packet, the time 
slot allocator allocates the requested number of uplink time 
slots by reserving one time slot in each succeeding uplink 
time frame to the requesting communication unit. Thus, the 
communication unit's transmission requires a substantially 
identical number of time frames as time slots to complete the 
transmission of the long data message. For example, when 
a communication unit requests four uplink time slots via the 
request packet, the time slot allocator allocates one time slot 
in each of the next four consecutive uplink time frames. 

Although reservation ALOHA provides improved 
throughput efficiency for transmitting long data messages by 
employing time slot reservation, it inherently introduces 
lengthy transmission time delays due to its time slot allo- 
cation procedure. As described above, a multiple slot data 
message requires multiple uplink frame times to be trans- 
mitted. Thus, the time required to complete transmission of 
the multiple slot message is equivalent to the number of 
uplink time frames necessary to transmit the message one 
slot per frame. Depending on data message length and time 
frame period, this delay may be excessive. For example, 
with a time frame period of seventy-five milliseconds (fif- 
teen milliseconds per time slot) and a data message length of 
four time slots, a transmission time of three hundred milli- 
seconds is required. 

Therefore, a need exists for a time slot allocation method 
that substantially reduces the transmission time delay asso- 
ciated with prior art allocation procedures and improves the 
transmission channel throughput efficiency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a time division multiple access commu- 
nication system in accordance with the present invention. 

FIG. 2 illustrates a logic flow diagram of steps executed 
by a time slot allocator and a communication unit in accor- 
dance with the present invention. 

FIG. 3 illustrates an alternative logic flow diagram of 
steps executed by a time slot allocator and a communication 
unit in accordance with the present invention. 

FIG. 4 illustrates a typical prior art time slot allocation. 

FIG. 5 illustrates time slot allocation in accordance with 
the present invention. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

Generally, the present invention provides a method for 
allocating a plurality of uplink time slots to one or more 
communication units in a communication system. This is 
accomplished when a communication unit transmits a first 
packet to a time slot allocator in an available uplink time 
slot. The first packet may include a request for allocation of 
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N uplink time slots or a request to transmit multiple packets. 
Upon receiving the first packet, the time slot allocator 
determines the type of request. When the request is for N 
uplink time slots, the time slot allocator allocates the N 
uplink time slots substantially contiguous in time to the 5 
communication unit when the N uplink time slots are 
available. The time slot allocator then transmits an allocation 
indication to the communication unit in each of N downlink 
time slots that correspond to the N allocated uplink time 
slots to confirm the allocation of each of the N allocated 
uplink time slots. When the request is for multiple packets, 
the time slot allocator allocates uplink time slots substan- 
tially contiguous in time to the communication unit until the 
multiple packets have been transmitted. The time slot allo- 
cator transmits of an allocation indication in the downlink 
time slots corresponding to the allocated uplink time slots to 15 
confirm the allocation of each allocated uplink time slot to 
be used to transmit the multiple packets. By allocating time 
slots in this manner, a more efficient utilization of commu- 
nication channel bandwidth is attained over a wide range of 
channel loading conditions in comparison to prior art meth- 
odologies. 

The present invention can be more fully described with 
reference to FIGS. 1-5. FIG. 1 illustrates a time division 
multiple access (TDMA) communication system 100 that ^ 
includes a time slot allocator 101, a plurality of communi- 
cation units (one communication unit 102 shown), and a 
plurality of base stations, or repeaters 103-105 (three 
shown). The commumcation unit 102, which may be a 
mobile radio, portable radio, or radiotelephone, transmits 3Q 
information to the base stations 103-105 via an uplink time 
division multiplex (TDM) channel 106 and receives infor- 
mation from the base stations 103-105 via a downlink TDM 
channel 113. The uplink TDM channel 106 preferably 
comprises equal-length uplink time slots 108 and uplink 35 
time slot portions 109 that are typically grouped into uplink 
time frames 107. Each uplink time frame 107 includes a 
predetermined number of uplink time slots 108. The down- 
link TDM channel 113 preferably comprises equal-length 
downlink time slots 110 that are typically grouped into 4Q 
downlink time flames 114. The uplink channel 106 and the 
downlink channel 113 are preferably arranged such that a 
one-to-one correspondence exists between the uplink time 
slots 108 and the downlink time slots 110. That is, each 
uplink time slot 108 has an associated downlink time slot 45 
110 (as denoted by the arrows between the uplink TDM 
channel 106 and the downlink TDM channel 113 in FIG. 1). 
It should be noted that although only a single pair of 
communication channels 106, 113 are shown in FIG. 1, a 
unique pair of channels 106, 113 is preferably provided for 5Q 
each of the base stations 103-105. 

As shown, each of the downlink time slots 110 preferably 
comprises a slot descriptor block (SDB) 112 and a data field 
111. The data field 111 is used to transmit information data 
packets to the communication unit 102. The slot descriptor 55 
block 112 contains status information related to the down- 
link time slot 110 and its associated uplink time slot 108. In 
a preferred embodiment, the uplink and downlink channel 
arrangement is such that the uplink time slots 108 are 
slightly delayed in time with respect to their corresponding 60 
downlink time slots 110. This delay affords each commu- 
nication unit (e.g., 102) sufficient time to receive the slot 
descriptor block 112 and determine the status of the uplink 
time slot 108 prior to the start of the uplink time slot 108. 

The lime slot allocator 101 preferably comprises a central 65 
controller or digital logic circuitry contained within the base 
stations 103-105. The time slot allocator 101 allocates the 



uplink time slots 108 to the communication unit 102 when 
the communication unit 102 requests to communicate. 

Operation of the TDMA communication system 100 
generally occurs in the following manner. When a commu- 
nication unit 102 desires to transmit a data message, the 
commumcation unit 102 examines the status information 
contained in the slot descriptor block 112 of each downlink 
time slot 110 to determine if an uplink time slot 108 is 
available. An available uplink time slot 108 is an uplink time 
slot 108 that has not been allocated by the time slot allocator 
101 to another communication unit or is not otherwise in use 
for other communication services. In a preferred embodi- 
ment, an available uplink time slot 108 is divided into uplink 
time slot portions 109. Thus, an available uplink time slot 
portion 109 is a portion of a currently unallocated uplink 
time slot. The availability of an uplink time slot 108 or 
uplink time slot portion 109 is indicated by the status 
information contained in the slot descriptor block 112 of an 
associated downlink time slot 110. 

When an available uplink time slot 108, or an available 
uplink time slot portion 109, is found, the communication 
unit 102 utilizes the time slot 108 or time slot portion 109 to 
transmit a first packet to the time slot allocator 101. Typi- 
cally, the first packet either contains a time slot allocation 
request or data. When the first packet comprises a time slot 
allocation request, the first packet identifies the number of 
uplink time slots necessary to completely transmit the com- 
munication unit's data message. 

Regardless of the first packet's content, the first packet is 
received by the time slot allocator 101 via one of the base 
stations 103-105. When the first packet contains a time slot 
allocation request, the time slot allocator 101 allocates the 
desired number of uplink time slots 108 to the communica- 
tion unit 102 when they are available. However, when the 
desired number of uplink time slots are unavailable due to 
previous time slot allocations, the time slot allocator 101 
queues the time slot allocation request until the requested 
number of uplink time slots become available. When the first 
packet contains a data message, the time slot allocator 101 
processes the first packet according to a predetennined 
processing procedure, such as extracting and decoding the 
data contained in the first packet. 

When the time slot allocator 101 allocates the requested 
number of uplink time slots 108 to the communication unit 
102, the time slot allocator 101 transmits an allocation 
indication to the communication unit 102 in the slot descrip- 
tor block 112 of each downlink time slot 110 associated with 
the allocated uplink time slots 108. Each allocation indica- 
tion preferably provides the status of a corresponding uplink 
time slot 108 (i.e., available or not available), an identifi- 
cation of the particular communication unit 102 to which the 
associated uplink time slot 108 is allocated (when the uplink 
time slot is unavailable), and an indication of the remaining 
length of the allocation. In a preferred embodiment, the 
remaining length of the allocation is indicated via a slot 
counter, wherein the value of the slot counter is decreased by 
one for each consecutive allocated time slot. For example, in 
the slot descriptor block 112 of a first downlink time slot 110 
containing an allocation indication, the value of the slot 
counter is equal to the requested number of uplink time slots 
108. In the slot descriptor block 112 of a second downlink 
time slot 110, the value of the slot counter is equal to one less 
than the requested number of uplink time slots 108, and so 
on for the remainder of the allocation. 

Upon allocation of the uplink time slots 108 and reception 
of an allocation indication in a first downlink time slot 110, 
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the communication unit 102 begins transmitting its data 
message. During transmission of the data message, the 
communication unit may continue to monitor the slot 
descriptor block 112 of each downlink time slot 110 to 
determine whether the communication unit 102 has been 5 
allocated the associated uplink time slot 108. 

FIG. 2 illustrates a logic flow diagram of steps executed 
to implement the present invention. Entering the flow dia- 
gram at the START block, logic flow begins when a com- 
munication unit transmits (200) a first packet in an available 10 
uplink time slot to the time slot allocator. As briefly men- 
tioned above, the first packet may contain a single data 
packet or a request for allocation of N uplink time slots. 
When only a small quantity of data needs to be transmitted 
(i.e., an amount of data which fits entirely in the first uplink 
time slot), the first packet contains a single data packet. The 
single data packet generally includes data and other neces- 
sary information, such as addressing or error coding, which 
is required for correct reception and processing of the data 
When a large amount of data needs to be sent (i.e., an 
amount of data which cannot entirely fit in the first uplink 20 
time slot), the first packet contains a request for allocation of 
N uplink time slots. For this case, the first packet includes 
the number of uplink time slots (N) required to transmit the 
entire quantity of data and an identification code of the 
requesting communication unit. Since this type of time slot 
allocation request occupies a small amount of informational 
bandwidth, or time, the first packet may be transmitted in a 
portion of an uplink time slot. Thus, by dividing each 
available uplink time slot into equal size portions, multiple 
communication units may transmit time slot allocation 30 
requests in a given available uplink time slot. 

Various known multiple access methods may be used for 
determining which communication unit may utilize an avail- 
able uplink time slot, or time slot portion, for transmission 35 
of the first packet. Some examples of these access methods 
include the slotted-ALOHA protocol, carrier sense multiple 
access (CSMA), and polling. Thus, no further discussion 
will be presented except to facilitate an understanding of the 
present invention. ^ 

Upon receiving the first packet, the time slot allocator 
determines (201) whether the first packet contains a request 
for N uplink time slots. When the first packet does not 
contain the request for N uplink time slots, the time slot 
allocator processes (202) the first packet based on a prede- 45 
termined processing procedure. In this case, as detailed 
above, the first packet contains a single data packet There- 
fore, the time slot allocator utilizes a predetermined pro- 
cessing procedure, such as extracting and decoding the data 
contained in the first packet, to process the received first 50 
packet. In addition, depending on the content of the 
extracted and decoded data, the time slot allocator may 
further process the data by relaying the data to another 
location. 

When the first packet contains the request for N uplink 55 
time slots, the time slot allocator determines (203) whether 
the N uplink time slots are presently available. When the N 
uplink time slots are presently available, the time slot 
allocator allocates (204) the N uplink time slots to the 
communication unit such that the N uplink time slots are 60 
substantially contiguous in time. Thus, the N uplink time 
slots are allocated substantially adjacent to each other in a 
serial manner without any intervening uplink time slots 
between them, except those uplink time slots which are not 
available for data transmission. Uplink time slots may be 65 
unavailable for data transmission because they are allocated 
to other services, such as system control activities. The 



contiguous allocation of the N uplink time slots extends for 
the length of the data message. Therefore, depending on the 
number of uplink time slots requested, the N allocated 
uplink time slots may occupy two or more consecutive time 
frames on the uplink TDM channel. 

Upon allocation of the N uplink time slots, the time slot 
allocator transmits (205) an allocation indication in each of 
N downlink time slots corresponding to the N allocated 
uplink time slots. Each allocation indication includes the 
number of allocated uplink time slots and a communication 
unit identification code that enables the requesting commu- 
nication unit to verify that particular uplink time slots have 
been allocated to the communication unit The communica- 
tion unit then receives (208) the allocation indication (e.g., 
in a first downlink time slot) and determines whether the 
time slot allocator has allocated the N requested uplink time 
slots. 

Upon receiving an allocation indication that indicates 
allocation of the N requested time slots, the communication 
unit begins utilizing (209) the N allocated uplink time slots 
for transmitting a data message. In a preferred embodiment, 
the communication unit needs only to receive one allocation 
indication to utilize the N allocated time slots because the 
allocation indication contains the number of allocated time 
slots and the communication unit knows, a priori, that time 
slot allocation for data messages is on a substantially con- 
tiguous basis. However, in an alternate embodiment, the 
communication unit, while transmitting the message, might 
continue to monitor the downlink allocation indications to 
identify which uplink time slots have been allocated to it 
When the communication unit completes its transmission, 
the logic flow ceases at the END block and the time slot 
allocator makes the previously allocated time slots available 
to fulfill other time slot allocation requests or to permit new 
time slot allocation requests. 

Utilization of the N contiguously allocated uplink time 
slots results in improved channel throughput and less trans- 
mission time delay, especially under reduced channel load- 
ing conditions, compared to the known reservation ALOHA 
method (i.e., transmitting N uplink time slots in N time 
frames at a rate of one time slot per time frame). Idle uplink 
time slots residing between the allocated uplink time slots in 
the reservation ALOHA technique are used in the present 
invention to transmit information. Thus, the present inven- 
tion reduces transmission time and provides more efficient 
channel bandwidth utilization by utilizing the idle uplink 
time slots. 

When the N uplink time slots are not presently available 
(203), the time slot allocator queues (206) the time slot 
request in a priority queue. Generally, the time slot allocator 
allocates the requested number of uplink time slots to the 
highest priority time slot requests as the uplink time slots 
become available. Priority may be determined according to 
the type of packet, such as high priority given to protocol 
control packets, or via an explicit priority parameter con- 
tained in the time slot request. Upon servicing the high 
priority requests, the queuing of the remaining time slot 
requests may follow a predetermined queue discipline, such 
as a first-in, first-out (FIFO) procedure. While the commu- 
nication unit's time slot request is in the priority queue, the 
time slot allocator continues to monitor (207) uplink time 
slot availability. When the N uplink time slots become 
available, the time slot allocator allocates (204) the N uplink 
time slots to the communication unit such that the N 
allocated uplink time slots are substantially contiguous in 
time. 

FIG. 3 illustrates an alternative logic flow diagram of 
steps executed to implement the present invention. Entering 
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the flow diagram at the START block, the logic flow begins 
when a communication unit transmits (300) a first packet in 
an available uplink time slot to the time slot allocator. The 
first packet may contain a single data packet or a request to 
transmit multiple packets. As discussed above with refer- 5 
ence to FIG. 2, when only a small quantity of data needs to 
be transmitted (i.e., an amount of data which fits entirely in 
the first uplink time slot), the first packet contains a single 
data packet. When the communication unit has a large 
amount of data to send (i.e., an amount of data that cannot 
entirely fit in the first uplink time slot), the first packet 
contains a request to transmit multiple packets. . In contrast to 
the method of FIG. 2, this request is for allocation of an 
unknown number of available uplink time slots to the 
communication unit, with the allocation ending when the 
communication unit has completed its data transmission. For 15 
example, at the inception of a long data transfer, such as a 
facsimile transmission, the communication unit may not 
know the quantity of information (e.g., the number of 
facsimile pages) to be transmitted. Thus, the communication 
unit cannot accurately determine the number of uplink time 20 
slots required for transmission and, accordingly, sends a 
request to transmit multiple packets to the time slot allocator. 

Similar to the request for N uplink time slots as described 
above with reference to FIG. 2, the multiple packet trans- 
mission request occupies a small amount of informational 25 
bandwidth, or time, and preferably includes an identification 
code of the requesting communication unit. Thus, due to the 
minimal amount of information in the multiple packet 
transmission request, the first packet may be transmitted in 
a portion of an uplink time slot. Therefore, by dividing each 
available uplink time slot into equal size portions, several 
communication units may transmit multiple packet trans- 
mission requests in a given available uplink time slot. 

Upon receiving the first packet, the time slot allocator 35 
determines (301) whether the first packet contains a request 
to transmit multiple packets. When the first packet does not 
contain the request to transmit multiple packets, the time slot 
allocator processes (302) the first packet based on the 
predetermined processing procedure, as described above ^ 
with regard to block 202 of FIG. 2. When the first packet 
contains the request to transmit multiple packets, the time 
slot allocator determines (303) whether the request can be 
presently accommodated When the request can be presently 
accommodated, the time slot allocator allocates (304) uplink 45 
time slots to the communication unit such that the uplink 
time slots are substantially contiguous in time. 

Upon allocation of the uplink time slots, the time slot 
allocator transmits (305) an allocation indication in each of 
the downlink time slots corresponding to the allocated 50 
uplink time slots. Similar to the allocation indication dis- 
cussion provided above with regard to FIG. 2, each alloca- 
tion indication includes a communication unit identification 
code that enables the requesting communication unit to 
verify that uplink time slots have been allocated to the 55 
communication unit. However, in contrast to the FIG. 2 
discussion, the allocation indication does not provide a 
number of allocated time slots, but rather provides a code 
signifying an indeterminate number of allocated time slots. 
For example, the allocation indication might include a string ^ 
of ones in a portion thereof (i.e., in the aforementioned slot 
descriptor block) to signify an indeterminate number of 
allocated time slots. 

The communication unit receives (309) the allocation 
indication in at least one of the downlink time slots associ- 65 
ated with the allocated uplink time slots and determines 
whether the time slot allocator has allocated the requested 



uplink time slots to the communication unit. Upon receiving 
an allocation indication that indicates time slot allocation to 
the communication unit, the communication unit begins 
transmitting (310) information in the allocated uplink time 
slots. The transmitted information generally comprises data 
communications and other necessary information, such as 
error coding or addressing. While the communication unit is 
transmitting its information, the time slot allocator monitors 
(306) the transmission to determine whether the communi- 
cation unit has finished transmitting. While the communi- 
cation unit is still transmitting, the time slot allocator con- 
tinues to allocate (304) contiguous uplink time slots to the 
communication unit. When the communication unit has 
completed its transmission, the time slot allocator de-allo- 
cates any additional uplink time slots previously allocated to 
the communication unit and the logic flow ceases at the END 
block. To indicate the end of the multiple packet transmis- 
sion, the communication unit preferably transmits a data 
word as part of the last uplink time slot's information to 
notify the time slot allocator of the transmission's conclu- 
sion. 

When the request to transmit multiple packets cannot be 
presently accommodated (303) due to lack of available 
uplink time slots, the time slot allocator queues (307) the 
multiple packet transmission request in a priority queue. As 
previously discussed with reference to block 206 of FIG. 2, 
the time slot allocator allocates contiguous uplink time slots 
to the highest priority requests as the uplink time slots 
become available. Priority may be determined according to 
the type of packet, such as high priority given to protocol 
control packets, or via an explicit priority parameter con- 
tained in the multiple packet transmission request. Upon 
servicing the high priority requests, the queuing of the 
remaining time slot requests may follow a predetermined 
queue discipline, such as a first-in, first-out (FIFO) proce- 
dure. While the communication unit's multiple packet trans- 
mission request is in the priority queue, the time slot 
allocator continues to evaluate (308) whether the queued 
request can be accommodated. When the request to transmit 
multiple packets can be accommodated, the time slot allo- 
cator allocates (304) the contiguous uplink time slots to the 
communication unit. 

FIGS. 4 and 5 illustrate time slot allocation as imple- 
mented by a typical prior art methodology and the present 
invention, respectively. As previously mentioned with ref- 
erence to FIG. 1, each TDM uplink channel 400, 500 is 
divided into a series of uplink time slots 408, 508. A 
predetermined number of the uplink time slots 408, 508 are 
grouped to form time frames 407, 507. In FIGS. 4 and 5, 
each time frame 407, 507 comprises five uplink time slots 
408, 508. 

In the known prior art methodology of reservation 
ALOHA, uplink time slots 408 are allocated on the TDM 
channel 400 by the time slot allocator. When an uplink time 
slot 408 is available, a communication unit transmits a data 
packet containing a reservation request (R t ) 401 to the time 
slot allocator in the available uplink time slot 408. The 
reservation request 401 includes the number of uplink time 
slots 408 needed by the communication unit. Assume for 
purposes of this discussion that the reservation request 401 
is transmitted in the first uplink time slot 408 of the first time 
frame 407. Upon reception and subsequent processing of the 
reservation request 401 by the time slot allocator, the time 
slot allocator allocates the first uplink time slot 408 of each 
subsequent time frame 407 to the communication unit for 
the equivalent number of time frames 407 corresponding to 
the desired number of uplink time slots 408. Thus, the first 
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allocated uplink lime slot (A^ 402 is the first uplink time 
slot 408 of the second time frame 407, the second allocated 
uplink time slot (AJ 403 is the first uplink time slot 408 of 
the third time frame 407, and so on. Therefore, the reser- 
vation ALOHA method allocates one uplink time slot 408 5 
per time frame 407 to the requesting communication unit. As 
clearly evident with this procedure, most of the other uplink 
time slots 408 on the TDM channel 400 remain unused 
during periods of few reservation requests 401, while the 
requesting communication unit incurs substantial transmis- ]Q 
sion delay due to being allocated only a single uplink time 
slot 408 in each time frame 407. 

Similar to reservation ALOHA, the present invention 
utilizes a time slot allocator to allocate uplink time slots 508 
on the TDM channel 500. However, in contrast to the prior 
art, the present invention utilizes a more efficient allocation 
procedure. When an uplink time slot 508 is available, as 
indicated by the slot descriptor block of a corresponding 
downlink time slot (not shown), a communication unit 
transmits a first packet (P^ 501 containing a request for 
allocation of N uplink time slots to the time slot allocator in 20 
the available uplink time slot 508. The time slot request 
includes the number of uplink time slots (N) required by the 
communication unit. Assume for purposes of this discussion 
that the first packet 501 is transmitted in the first uplink time 
slot 508 of the first time frame 507 and contains a request for 25 
four uplink time slots 508. Upon reception and subsequent 
processing of the first packet 501 by the time slot allocator, 
the time slot allocator determines whether four substantially 
contiguous uplink time slots 508 are available. As depicted 
in FIG. 5, the three contiguous uplink time slots (AJ 502 30 
immediately following the first packet 501 have been pre- 
viously allocated to another communication unit due to an 
earlier time slot request Thus, these previously allocated 
contiguous time slots 502 are presently unavailable for 
allocation to the communication unit. Therefore, since the 35 
desired number of contiguous uplink time slots 508 are 
presently unavailable, the time slot allocator queues the time 
slot request in a priority queue. 

When the previously allocated contiguous uplink time 
slots 502 have expired, the time slot allocator may allocate 40 
the N uplink time slots 508 requested by the communication 
unit. As detailed above, the uplink time slots 508 are 
allocated such that the resulting allocated time slots (A^ 503 
are substantially contiguous in time. The time slot allocator 
informs the communication unit of the time slot allocation 45 
by including an allocation indication in a portion (i.e., slot 
descriptor block) of each of the downlink time slots (not 
shown) associated with the allocated uplink time slots (A t ) 
503 as described above with regard to FIGS. 1 and 2. As 
shown in FIG. 5, the allocated contiguous uplink time slots 50 
503 reside in two consecutive time frames 507 and occupy 
the last uplink time slot 508 in the first time frame 507 and 
the first, third, and fourth uplink time slots 508 in the second 
time frame 507. Thus, due to the substantially contiguous 
nature of the time slot allocation provided by the present 55 
invention, a transmission requiring four time frame intervals 
in the prior art requires a transmission time of only five time 
slots (i.e., only a single frame time) to complete; Therefore, 
the TDM channel 500, as allocated via the present invention, 
is more efficiently used and the requesting communication 60 
unit experiences less transmission delay than with the prior 
art technique. It should be noted that the allocated contigu- 
ous uplink time slots 503 are substantially contiguous, as 
opposed to definitively contiguous, since an unavailable 
uplink time slot 506 prevents the time slot allocator from 65 
allocating four serially adjacent uplink time slots 508 to the 
communication unit 
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As' also shown in FIG. 5, the present invention permits 
time slot allocation across frame boundaries. Therefore, the 
present invention can accommodate requests for time slots 
508 that exceed the number of time slots 508 in a time frame 
507 by allocating time slots 508 in consecutive time frames 
507. 

After the communication unit has utilized the allocated 
contiguous uplink time slots 503, the uplink time slots 508 
are returned to the available state. The state, or status, of 
each uplink time slot 508 is indicated in the slot descriptor 
block of a corresponding downlink time slot, as described 
above. Thus, another communication unit may use an avail- 
able uplink time slot 508 to transmit a single data packet (P 3 ) 
504 or a new request packet (P 4 ) 505 to the time slot 
allocator. The single data packet 504 is immediately pro- 
cessed by the time slot allocator via the previously described 
predetermined processing procedure, while the new packet 
request 505 is either queued or serviced depending on uplink 
time slot availability. 

The present invention provides a method for allocating 
uplink time slots to communication units in a communica- 
tion system. With this invention, uplink time slots are 
allocated to communication units in a substantially contigu- 
ous manner. Thus, the transmission time delay associated 
with prior art allocation techniques is substantially reduced. 
For example, with a time frame period of seventy-five 
milliseconds (5 time slots per frame, fifteen milliseconds per 
time slot) and a data packet length of four uplink time slots, 
a minimum transmission time of only sixty milliseconds is 
required as compared to a three hundred millisecond trans- 
mission time using reservation ALOHA. Further, this reduc- 
tion in transmission time delay inherently provides more 
efficient use of the TDM data channel over a wide range of 
channel loading conditions. 

What we claim is: 

1. In a communication system that includes a communi- 
cation unit, an uplink communication channel, a downlink 
communication channel, and a time slot allocator, the uplink 
communication channel being divided into a plurality of 
uplink time slots, the downlink communication channel 
being divided into a plurality of downlink lime slots having 
a one-to-one correspondence with the plurality of uplink 
time slots, a method for allocating the plurality of uplink 
time slots to the communication unit, the method comprising 
the steps of: 

a) transmitting, by the communication unit, a first packet 
in an available uplink time slot of the plurality of uplink 
time slots; 

b) upon receiving the first packet, determining, by the 
time slot allocator, whether the first packet contains a 
request for allocation of N uplink time slots, wherein N 
is an integer greater than one; 

c) when the first packet contains the request for allocation 
of N uplink time slots, deterrnining, by the time slot 
allocator, whether N uplink time slots are available; 

d) when the N uplink time slots are available, allocating, 
by the time slot allocator, the N uplink time slots to the 
communication unit to produce N allocated uplink time 
slots, wherein the N allocated uplink time slots are 
substantially contiguous in time; and 

e) transmitting, by the time slot allocator, an allocation 
indication to the communication unit in each of N 
downlink time slots, wherein the N downlink time slots 
correspond to the N allocated uplink time slots and 
wherein the allocation indication indicates a number of 
the N allocated uplink time slots remaining in said 
allocation. 
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2. The method of claim 1 further comprising the step of: 
f) when the first packet does not contain the request for 

allocation of the N uplink time slots, processing, by the 
time slot allocator, the first packet based on a prede- 
termined processing procedure. 5 

3. The method of claim 1, wherein step (a) further 
comprises the step of transmitting the first packet in the 
available uplink time slot based on a slotted ALOHA pro- 
tocol. 

4. The method of claim 1, wherein step (a) further 10 
comprises the step of transmitting the first packet in a 
portion of the available uplink time slot. 

5. The method of claim 1, wherein the plurality of uplink 
time slots are grouped into a plurality of uplink time frames, 
wherein each uplink time frame of the plurality of uplink 15 
time frames includes a predetermined number of uplink time 
slots, and wherein the allocation of step (d) further com- 
prises allocating the N uplink time slots to the communica- 
tion unit, wherein the N allocated uplink time slots are 
substantially contiguous in time and reside in at least two 20 
consecutive uplink time frames of the plurality of uplink 
time frames. 

6. The method of claim 5, wherein the N allocated uplink 
time slots exceeds the predetermined number of uplink time 
slots in each uplink time frame of the plurality of uplink time 25 
frames. 

7. The method of claim 1, further comprising the step of: 
f) when the N uplink time slots are not available, queuing 

the request for allocation of the N uplink time slots until 
the N uplink time slots become available. 30 

8. The method of claim 7, wherein step (f) further 
comprises the step of prioritizing the queuing of the request 
for allocation of the N uplink time slots. 

9. In a communication system that includes a communi- 
cation unit, an uplink communication channel, a downlink 35 
communication channel, and a time slot allocator, the uplink 
communication channel being divided into a plurality of 
uplink time slots, the downlink communication channel 
being divided into a plurality of downlink time slots having 

a one-to-one correspondence with the plurality of uplink 
time slots, a method for the time slot allocator to allocate the 
plurality of uplink time slots to the communication unit, the 
method comprising the steps of: 

a) receiving a first packet from the communication unit in 45 
an available uplink time slot of the plurality of uplink 
time slots; 

b) determining whether the first packet contains a request 
for allocation of N uplink time slots, wherein N is an 
integer greater than one; 50 

c) when the first packet contains the request for allocation 
of the N uplink time slots, determining whether the N 
uplink time slots are available; 

d) when the N uplink time slots are available, allocating 
the N uplink time slots to the communication unit to 55 
produce N allocated uplink time slots, wherein the N 
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allocated uplink time slots are substantially contiguous 
in time; and 

e) transmitting an allocation indication to the communi- 
cation unit in each of N downlink time slots, wherein 
the N downlink time slots correspond to the N allocated 
uplink time slots and wherein the allocation indication 
indicates a number of the N allocated uplink time slots 
remaining in said allocation. 

10. The method of claim 9 further comprising the step of: 

f) when the first packet does not contain the request for 
allocation of the N uplink time slots, processing the first 
packet based on a predetermined processing procedure. 

11. The method of claim 9, wherein the plurality of uplink 
time slots are grouped into a plurality of uplink time frames, 
wherein each uplink time frame of the plurality of uplink 
time frames includes a predetermined number of uplink time 
slots, and wherein the allocation of step (d) further com- 
prises allocating the N uplink time slots to the communica- 
tion unit, wherein the N allocated uplink time slots are 
substantially contiguous in time and reside in at least two 
consecutive uplink time frames of the plurality of uplink 
time frames. 

12. The method of claim 11, wherein the N allocated 
uplink time slots exceeds the predetermined number of 
uplink time slots in each uplink time frame of the plurality 
of uplink time frames. 

13. In a communication system that includes a commu- 
nication unit, an uplink communication channel, a downlink 
communication channel, and a time slot allocator, the uplink 
communication channel being divided into a plurality of 
uplink time slots, the downlink communication channel 
being divided into a plurality of downlink time slots having 
a one-to-one correspondence with the plurality of uplink 
time slots, a method for the communication unit to utilize N 
uplink time slots of the plurality of uplink time slots, the 
method comprising the steps of: 

a) transmitting a first packet to the time slot allocator in 
an available uplink time slot of the plurality of uplink 
time slots, the first packet containing a request for 
allocation of N uplink time slots, wherein N is an 
integer greater than one; 

b) upon allocation of the N uplink time slots from the time 
slot allocator to produce N allocated uplink time slots, 
receiving, from the time slot allocator, an allocation 
indication in each downlink time slot of N downlink 
time slots, wherein the N downlink time slots corre- 
spond to the N allocated uplink time slots and wherein 
the allocation indication indicates a remaining number 
of the N allocated uplink time slots to be used by the 
communication unit; and 

c) upon receiving the allocation indication, utilizing the N 
allocated uplink time slots for transmitting information, 
wherein the N allocated uplink time slots are substan- 
tially contiguous in time. 

***** 
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